A unique parabolic relation is observed to link skewness and kurtosis of around ten thousand density fluctuation signals, measured over the whole cross section of a toroidal magnetized plasma for a broad range of experimental conditions. All the probability density functions of the measured signals, including those characterized by a negative skewness, are universally described by a special case of the Beta distribution. Fluctuations in the drift-interchange frequency range are necessary and sufficient to assure that probability density functions can be described by this specific Beta distribution. Plasma turbulence and associated anomalous transport constitute main limiting factors for the performance of magnetic fusion devices. Fluctuations leading to a turbulent state and possible methods to control them have been investigated for many years [1] . A statistical description of plasma turbulence [2] is appropriate to capture some of the underlying physical mechanisms. In particular, a significant effort is dedicated to finding universal aspects in this statistical description [3] , i.e., a common behavior for all spatial and temporal scales and/or for different physical systems and experimental conditions. The knowledge of some of these universal properties may lead to a better understanding of the impact of different types of microinstabilities on the macroscopic behavior of the plasma, e.g., in terms of fluctuation induced transport, selfsimilarity, or intermittency. In addition, it would generalize and extend the impact of the experimental results obtained on different individual machines. Such a quest for universality is pursued in turbulence research for a variety of systems, including the Earth oceans [4] and atmosphere [5] , the solar corona [6] , and in magnetically correlated systems [7] . In magnetic fusion plasmas, the universality of the probability density function (PDF) is investigated in various devices and experimental conditions [8] [9] [10] , only using local density measurements at the plasma edge or in the scrape-off layer (SOL). Despite the common observation that PDFs of density fluctuations are non-Gaussian, there is no consensus on a unique PDF that could model all the experiments.
Plasma turbulence and associated anomalous transport constitute main limiting factors for the performance of magnetic fusion devices. Fluctuations leading to a turbulent state and possible methods to control them have been investigated for many years [1] . A statistical description of plasma turbulence [2] is appropriate to capture some of the underlying physical mechanisms. In particular, a significant effort is dedicated to finding universal aspects in this statistical description [3] , i.e., a common behavior for all spatial and temporal scales and/or for different physical systems and experimental conditions. The knowledge of some of these universal properties may lead to a better understanding of the impact of different types of microinstabilities on the macroscopic behavior of the plasma, e.g., in terms of fluctuation induced transport, selfsimilarity, or intermittency. In addition, it would generalize and extend the impact of the experimental results obtained on different individual machines. Such a quest for universality is pursued in turbulence research for a variety of systems, including the Earth oceans [4] and atmosphere [5] , the solar corona [6] , and in magnetically correlated systems [7] . In magnetic fusion plasmas, the universality of the probability density function (PDF) is investigated in various devices and experimental conditions [8] [9] [10] , only using local density measurements at the plasma edge or in the scrape-off layer (SOL). Despite the common observation that PDFs of density fluctuations are non-Gaussian, there is no consensus on a unique PDF that could model all the experiments.
In this Letter, we address the question of the universality of plasma fluctuations associated with drift-interchange turbulence by measuring statistical properties that are common to a large number of electron density signals (10 000), taken across the entire plasma cross section and over a broad range of experimental conditions. The experiments are performed in TORPEX [11] , a toroidal device with major and minor radius R 1 m and a 0:2 m, and a toroidal magnetic field up to 0.1 T. A small vertical magnetic field component 4 mT is superimposed to partly short-circuit the vertical electric field due to rB and curvature drifts and reduce the fast particle losses [12] . Highly reproducible plasmas are created and sustained for up to 1.5 s by means of waves in the electron cyclotron range of frequencies [13] . Measurements of ion saturation current are obtained over the whole plasma cross section (comprising source, edge, and confinement region) in a single plasma discharge, with a spatial resolution of 3.5 cm and at a sampling frequency of 250 kHz with a hexagonal array of 86 Langmuir probes, named HEXTIP [14] . In these experiments, temperature fluctuations are small compared to density fluctuations, so ion saturation current fluctuations are assumed to be directly proportional to electron density fluctuations. The microwave power and the toroidal magnetic field are kept constant, while different neutral gases are used (H, He, Ar). The vertical magnetic field and the neutral gas pressure are varied leading to variations of the ion gyroradius, the plasma shape, and the ion-neutral collision frequency. As a consequence, for all signals, the range of time averaged densities n and electron temperature T e extends between 1:4 10 15 and 3:7 10 17 m ÿ3 and 1 and 10 eV, respectively. The range of fluctuation levels is 1% n= n < 95% where n is the rms fluctuating density. The observed density fluctuations are associated with drift-interchange turbulence, generated in regions of bad field curvature and convected away by the E B fluid motion [11, 15] . Thus, the nature of these fluctuations is relevant for edge/SOL turbulence studies, though the achieved range of density fluctuations, for instance, is large compared to what can be covered in tokamaks, even across several different devices.
Two examples of experimental signals representing the time evolution of the electron density are shown in Fig. 1(a) . The top trace is characterized by bursty positive events, hence by a PDF with positive skewness (normalized third order moment of the PDF), while the bottom one displays negative bursts, corresponding to a negatively skewed distribution. For all the signals, the skewness and the kurtosis (normalized fourth order moment of the PDF) are estimated and plotted against each other [5] , Fig. 1(b) . We observe that a significant fraction of the signals ('30%) are characterized by a negative skewness. Previous measurements in tokamak plasmas [9] 
The uncertainty on the estimated coefficients provides the 95% confidence bounds. This interval is illustrated on the graph with error bars. The inset of Fig. 1(b) shows that approximately 95% of the experimental data is contained within these error bars. The fact that the skewness and the kurtosis of fluctuations can be characterized by a quadratic relation K S 2 has been shown in very different physical situations such as for the concentration of a pollutant diffused and convected by the turbulent atmosphere [5] or for the surface elevation of wind waves in nonlinear interactions [16] . Such a link between third and fourth order moments is valid for a large set of PDF families [17] . When this relation is satisfied, an estimate of the coefficient would bring information of the underlying physical mechanism. This emphasizes the importance to identify a particular parabolic relation when trying to determine a theoretical PDF that reproduces experimental distributions. Because of the functional relation between the kurtosis and the skewness, all the analytical PDFs that are defined with constant S and K (normal, logistic, Rayleigh, uniform, exponential, etc.) cannot universally reproduce the experimental measurements. Furthermore, a quadratic polynomial rules out distributions (triangular, error, Student's, etc.) for which either K or S varies, but the other moment is constant. Finally, the robustness of the least-square fit Eq. (1) excludes distributions (Weibull, log-normal, Wald, F, etc.) that have a similar relationship between K and S but with different coefficients [17] . The polynomial in Eq. (1) is very close to the relation between the kurtosis and the skewness associated with the Gamma distribution: K 1:5S 2 3, although the skewness of the Gamma distribution is by definition always positive [17] . One distribution that can admit both positive and negative skewness is the Beta distribution [17] . It has a very versatile shape and is commonly used to model theoretical distributions and is applied in a wide variety of situations like fecundability studies, proportions in gas mixture, risk analysis, concentration of contaminants in soil, concentration of pollutants in the atmosphere, and quality control [17] . For a random variable n, the general Beta distribution is defined by
where n l n n h ; p, q > 0, and B is the Beta function. Its first four associated moments are defined by
The relation between the third and fourth moments is not trivial since it depends on parameters p and q, but S and K do not depend explicitly on the boundaries of the random variable n. Moreover, for any (p; q) it can be shown that [17] 1 S 2 p; q Kp; q 3 1:5S 2 p; q:
The upper limit is reached when q ! 1 for positive skewness and when p ! 1 for negative skewness. The Beta distribution tends to the Gamma one when n h ! 1 together with q ! 1. The experimentally measured skewness and kurtosis are very close to the upper limit of the domain of variation for a Beta distribution; thus, either p or q has to be large. According to Eq. (2), the Beta distribution is defined with four parameters: p, q, n l , and n h . One specificity of this distribution is the bounded range of variation of the random variable. This is compatible with the variation of the plasma density which is necessarily bounded between zero (no plasma) and the neutral gas density (fully ionized plasma). Nevertheless, for each experimental time series, we restrict this range of variation by the following choice n l n min and n h n max where n min and n max are the minimum and the maximum of each signal. This choice implies Fn < n min Fn > n max 0 where Fn is the 
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255002-2 experimental probability density function, and can be partly justified by the statistical stationarity of the signals. Figure 2 (a) represents the maximum and minimum of a given signal obtained for increasing portions of the whole time series plotted as a function of the duration of such portions, T. After a fast variation at small time series duration (T 1 ms), the minimum and the maximum are slowly varying. In order to show that our time series duration is sufficiently long to reach a statistical stationarity, the time evolution of n min or n max is fitted by an exponential characterized by a time constant . The histogram of the two time constants for a subset of approximately 2500 signals is plotted in Fig. 2(b) . Almost all the time constants are smaller than 1 ms, which is much shorter than the complete time record of the signals. The statistical stationarity of the experimental data is also reflected in the fact that the two coefficients in Eq. (1) change only by 3% as the time series is shortened down to 10 ms. Having fixed the upper and lower boundaries for each signal, only two free parameters, p and q, remain for the Beta distribution. These are estimated by inverting Eqs. (3a) and (3b) and inserting the experimental values of the mean, variance, minimum, and maximum of each signal: p 1 ÿ = 2 ÿ 1 and q 1 ÿ 1 ÿ = 2 ÿ 1 with exp ÿ n min =n max ÿ n min and 2 2 exp =n max ÿ n min 2 . The joint distribution of the estimated parameters p and q is represented in Fig. 3(a) . These parameters are large (typically >100); thus, S and K for a Beta distribution, Eqs. (3c) and (3d), are close to the upper limit in Eq. (4) and are compatible with the experimental third and fourth moments. A posteriori, our choice for parameters n l and n h can be further justified by the fact that a non-negligible fraction of negative skewness, estimated for a Beta PDF with these p and q, is conserved. Setting n h ! 1 would exclude negative skewness and setting n l 0 would artificially increase the fraction of negative skewness.
An illustration of the good agreement between the experimental PDF and the Beta distribution is shown in Figs. 3(b) and 3(c) for a negative and a positive skewed experimental distributions. For all the signals, we compute the residual r j P n Fn ÿ F j n 2 between the experimental distribution Fn and several analytical PDFs F j n, including the Beta distribution, estimated with exp and exp . The probability distribution function of the residuals is shown in Fig. 3(d) . The Beta distribution provides the smallest average residual as well as a better fit than any other tested PDFs in the region of small residuals (r j 0:1). All the experimental PDFs can be universally reproduced by a limiting case of the Beta distribution. In this limit, the Beta distribution is equivalent to F ÿ n for positive skewness and to F ÿ 2 ÿ n for negative skewness, where is the mean value of the density n and F ÿ is the Gamma distribution defined by F ÿ n ÿ n ÿ1 e ÿn= =ÿ [17] . The Gamma distribution has been previously reported to be compatible with the PDF of experimental signals measured in the SOL of a tokamak and characterized by positive skewness [10] .
Having established the existence of a universal PDF shape that describes the experimental distributions, we address the question of which physical mechanisms con- (1) cannot be satisfied. In addition, the difference between the plasmas made from different neutral gases is reflected in the averaged spectra normalized to the integral of the spectra between 0 and 125 kHz, Fig. 4(b) . The density fluctuations contained in the measured frequency range of drift-wave instabilities (1 f 10 kHz) [15] must be retained to recover this Beta distribution. Note that no extension to broader special regions is necessary, ruling out an interpretation of the fluctuations' statistical properties as the result of a fully developed turbulence. In summary, we have analyzed electrostatic fluctuations measured over the entire cross section of a simple toroidal magnetized plasma, including the source region for instabilities, regions where nonlinear mode coupling takes place, and regions where the unstable modes are convected by the E B flow. The PDF of the density fluctuations at all locations is found to have a universal character, in the sense that a unique relation links the skewness and the kurtosis, and that it can be described by the same analytical distribution. This is a special case of the general Beta distribution F x, taking the form of the Gamma distribution F ÿ , depending on the sign of the signal skewness. These observations are consistent with the picture of a unique physical mechanism producing events that would generate in the same region positive and negative density structures, corresponding to a local excess of density, and a density depletion, respectively [18, 19] . Both kinds of structures would carry along their motion the same PDF features, as they originate from the same local event.
Fluctuations in the typical range of frequency associated with drift-wave turbulence are necessary to assure that probability density functions can be described by this specific Beta distribution. A more complete physical understanding of plasma turbulence in the present experiments requires extensive self-consistent numerical simulations of drift-interchange turbulence using nonlinear equations, e.g., based on the Hasegawa-Wakatani model. Nevertheless, the present results may have two consequences on the study of the underlying physics: the unique relation between moments of the plasma density PDF may lead to a low-order statistical closure of the chain of coupled equations [2] , and the same global characterization of the statistical properties of fluctuations, applied to numerical simulations outputs, provides a valuable tool for the validation of the physical basis of the simulation model. This work is partly funded by the Fonds National Suisse de la Recherche Scientifique. Fruitful discussions with Professor F. Skiff and Dr. J. P. Graves are acknowledged. 
